INTRODUCTION
The Gobiidae, comprising 93 species, is numerically the dominant fish family in the northeastern Atlantic, Mediterranean and Black Seas (Kovačić and Patzner, 2010) . However, the biology of most gobiid species inhabiting these areas is largely unknown or poorly known. Data on growth and reproduction are currently available for only 1/3 and 1/2 of gobies, respectively (Kovačić, 2001) . Gobies are generally small-sized fishes, and about 1/4 of the northeastern Atlantic, Mediterranean and Black Sea species are very small, not reaching 5 cm TL (Kovačić and Patzner, 2010) .
The small size in teleosts provides advantages in efficiency of feeding on small prey and in colonization and exploitation of particular habitats (Miller, 1979 (Miller, , 1996 . Indeed, the very small gobies of the northeastern Atlantic, Mediterranean and Black Seas are present in epibenthic, cryptobenthic and nektonic ecotopes (Miller, 1979) , including both pelagic and hyperbenthic species. Body miniaturization, or the evolution of extremely small adult body size, characterizes some pelagic gobies, which exhibit larval morphological traits through reduction and structural simplification. In these species, the pelagic lifestyle increases the risk of predation also for adults, which is compensated by an early attainment of sexual maturity through progenesis (Miller, 1984) . Unfortunately, due to their very small body size, the collection and handling of such gobies are rather difficult, so knowledge of their life history patterns is generally limited. The biology of very small benthic gobies is even less known than that of nektonic species, and is restricted mostly to the reproductive traits of the epibenthic Pomatoschistus species (Miller, 1986; Rogers, 1989; Fouda et al., 1993; Pampoulie and Bouchereau, 1996; Bouchereau and Guelorget, 1998; Pampoulie et al., 2000; Mazzoldi and Rasotto, 2001; Bouchereau, 2002) .
B. affinis is a very small Mediterranean goby, attaining a maximum size of 38.8 mm TL (Kovačić, 2002, present data) . It is epibenthic, inhabiting sandy bottoms between 3 and 25 m depth (Kovačić, 2002) . B. affinis is known only from a few published records. The positive records were only those from Naples, Italy (Sanzo, 1911) , from the Kvarner area, Croatia (Kovačić, 2002) , and from Banyuls, France, where it was misidentified as Buenia jeffreysii (Günther, 1867) (Zander, 1982; Kovačić and Patzner, 2009) . Two other doubtful records were reported from the Aegean Sea on postlarval specimens (Fage, 1918) and from Nice and Genoa (Miller, 1986) . Until now, the available data on B. affinis concerned body morphology (morphometrics, meristics, papillae counts, coloration), distribution (habitat, biocenosis, fish assemblage) and feeding habits (Zander, 1982; Zander and Berg, 1984 probably also misidentified as Buenia jeffreysii; Kovačić, 2002; Kovačić and La Mesa, 2008) .
The aim of this study is to provide the first data on reproduction and growth of B. affinis, including sex ratio, length at sexual maturity, annual cycle of gonad development, spawning period, relationship of reproductive cycle and liver storage, fecundity, growth rate and recruitment.
MATERIALS AND METHODS
Two hundred and forty specimens of B. affinis were obtained from the locality Oštro in the Rijeka Bay (Fig.  1) , in the northern part of the Kvarner area (45°16'N, 14°34'E) from May 2003 to April 2004. All fish were collected on sandy bottoms between 5 and 10 m depth, using a hand net and quinaldine anaesthetic during SCUBA dives. On a monthly basis, twenty specimens were collected in a single dive of approximately 30 minutes and the water temperature was measured on the sea bed during the dives. All specimens were killed by over-anaesthetization with quinaldine and stored in 65% ethanol solution.
In the laboratory, total length (TL) of each individual was measured to the nearest 0.1 mm and wet mass was weighed to the nearest 0.001 g after blotting dry on absorbent paper. All fish were dissected under a stereomicroscope and gut, liver and gonads were removed. Sex was recorded on the basis of the gross gonad morphology. The gonads were macroscopically staged according to a five-point scale of maturity proposed for gobies (Miller, 1961) , using morphology, coloration, relative size and, in females, egg size: I, immature; II, developing virgin or recovering spent; III, ripening (for females IIIa = early ripening and IIIb = late ripening); IV, ripe; and V, spent. Egg size was measured as maximum diameter using a micrometric scale. The wet mass of gonads and liver was obtained to the nearest 0.01 mg after blotting dry on absorbent paper. In males the whole testicular apparatus (testes and seminal vesicles) was weighed as gonad mass. Furthermore, the seminal vesicles were weighed separately (Kovačić, 2001 ). Due to the overall small size of the species, the wet mass of seminal vesicles or even the whole testicular apparatus of immature males was close to the resolution limit of the balance (0.01 mg). All weighed values below 0.05 mg had low accuracy and precision, so they were rounded to 0.025 mg. However, this estimation had a negligible influence on re- lationships among monthly gonad indices, as the adult gonad and seminal vesicles masses were much higher. Potential or absolute fecundity (F), defined as the number of eggs found in females prior to the next spawning period, was calculated by counting all the ripe eggs found in the ovaries. Relative fecundity (Fr), namely the number of eggs per unit of body weight (Kartas and Quignard, 1984) , was also calculated. The relationship between fish size and absolute/relative fecundity was assessed by applying linear regression analysis on log-transformed data.
Sex ratio was calculated and the significance of deviation from the 1:1 null hypothesis was tested by the χ² test (Sokal and Rohlf, 1995) . The length at sexual maturity was estimated by the proportion of specimens at stages II-V vs immature specimens (i.e. specimens without signs of gonad development, stage I). The length at sexual maturity, defined as the length at which 50% of fish reach sexual maturity, was estimated by means of a logistic function fitted to the proportion of the specimens pooled in 5 mm length classes (L). The quasi-Newton algorithm for non-linear least square estimation of function parameters was applied to data according to the following equation:
, where P L is the proportion of fish at length L, a and b are estimated parameters, and a is the slope of the curve. For b = L, P L = 0.5, i.e. b is equal to the length when the proportion of fish is 0.5 (L 50 ).
The annual cycle of gonad development was investigated using maturity stages as in Miller (1961) , and calculating gonadosomatic index (GSI= gonad wet mass x 100 x body wet mass -1 ) and seminal-vesicle-somatic index (SVSI = seminal vesicle wet mass x 100 x body wet mass -1 ) (Patzner et al., 1991) on monthly samples. The hepatosomatic index (HSI) was calculated as HSI = liver wet mass x 100 x body wet mass -1 (Fouda et al., 1993) , as a measure proportional to energy reserves stored in this organ. All indices were compared on a monthly basis and the HSI was compared between sexes. Homogeneity of variance and normality were tested with Levene's and Shapiro-Wilk test, respectively. Monthly trends of GSI and SVSI were compared using the non-parametric Kruskal-Wallis test, since the assumptions of normality and homogeneity were not met after arc-sine or logarithmic transformation (Sokal and Rohlf, 1995) . Two-way ANOVA was used to compare arcsine-transformed HSI across months and between sexes as fixed factors. Non-linear estimate of logistic function parameters for length at sexual maturity was calculated using Statistica 5.1. Descriptive statistics are reported as mean ± standard error. Other data analyses for reproduction were carried out using the MS Excel and SPSS software packages.
To estimate age and growth rate, sagittal otoliths were initially removed from each specimen. However, after some trials, fish ageing by microincrement counts on otolith sections was not possible due to the rather unclear and confused pattern. Sagittal otoliths were subsequently viewed under a stereomicroscope to determine the presence of seasonal growth bands (annuli). Von Bertalanffy growth parameters (L ∞ , k and t 0 ) were calculated from length-frequency data recorded monthly, using the ELEFAN I routine (Pauly and David, 1981) within the FISAT II software package. Finally, the growth performance index (Φ' = 2 log L ∞ + log k) (Munro and Pauly, 1983 ) was employed to compare growth of B. affinis with that of other gobies.
RESULTS

Sex ratio
All 240 specimens of B. affinis were sexed successfully, resulting in 112 females and 128 males. The overall ratio of females to males was 1:1.14, not differing significantly from 1:1 (χ² = 1.07, d.f. = 1, P>0.1).
Length at sexual maturity
The size of the smallest female and male in any of the mature stages (i.e. II-V) was 24.4 mm and 25.2 mm, respectively. The length at sexual maturity (L 50 ) was estimated from 112 females and 128 males ranging from 13.6 to 38.3 mm and 12.5 to 36.6 mm. Length at sexual maturity was estimated to be 26.1 and 27.4 mm in females and males, respectively (Table 1) .
Annual cycle of gonad development and spawning period
The number of fish in each maturity stage collected during the sampling period is summarized in Table 2 . Interestingly, individuals with completely spent gonads (sensu Miller, 1961, stage V) were never found during the year. Juveniles (i.e. immature individuals, stage I) were caught almost all year round, though they were more abundant in summer-early autumn (JulyOctober). Gonad development in both sexes started in autumn, with the appearance of individuals in stage II (i.e. developing virgin and recovering spent), some of them being rarely collected until spring. Ripening females and males (stage III) were present throughout the entire winter and spring, whereas ripe fish (stage IV) were collected from February to July. The temporal shift of different gonad maturity stages (i.e. the annual cycle of gonad development) is evident (Table  2) . Female gonadosomatic index (GSI) (Fig. 2a) (Figs 2b and 2c) . The increase in GSI of both sexes and male SVSI started slowly with the beginning of winter, followed by a steadier increase and high values from February to June (females) and May (males). In males, GSI (0.32 ± 0.04) and SVSI (0.13 ± 0.02) peaked in May and June, respectively. In females, GSI had two monthly peaks, in April (GSI= 8.02 ± 1.93) and June (GSI= 9.36 ± 3.25). The lowest GSI value recorded in May was probably due to the presence of only one ripe female in the monthly sample (see Table 2 ). The GSI values of both sexes were again low in August. Considering the monthly pattern of gonad indices in both sexes, as well as the presence of ripe females and males, the spawning season was spread over a rather long period, lasting from February to July (Table 2 and Fig. 2 ), in concomitance with the increase in sea water temperature (Table 2 and Fig. 2 ).
Hepatosomatic index
Females had a significantly higher hepatosomatic index (HSI) than males, without seasonal interaction (Table 3) . HSI of both sexes showed a clear seasonal pattern, with significant variation across months (Table  3 and Fig. 3) . A steady increase in HSI in both sexes occurred in early winter. In both sexes HSI peaked in February, decreasing thereafter during the spawning season (Fig. 3) .
Egg size and fecundity
Based on the egg size pattern observed within the ovarian stroma of gravid females, ovaries of B. affinis exhibited a group-synchronous development (Wallace and Selman, 1981) , as two main groups of oocytes were easily distinguished by size: a fairly synchronous group of oocytes as large as 0.4-0.6 mm, which represented the clutch to be spawned in the current spawning season, and a more heterogeneous group of oocytes smaller than 0.16 mm, which could be spawned in a further spawning season. Fecundity was estimated from 10 gravid females ranging between 31.8 and 37.2 mm TL. The absolute fecundity (F) ranged from 457 to 714 eggs per individual (mean + SE, 556 + 25), whereas the relative fecundity (Fr) ranged from 1.1 to 2.4 eggs/mg (mean + SE, 1.7 + 0.1) (Fig. 4) . A negative relationship was found between absolute/relative fecundity and fish size, as summarized in the following equations: F = 291925 TL -1.78 (n = 10, r 2 = 0.46) Fr = 1030861 TL -3.78 (n = 10, r 2 = 0.81)
The high individual variability of absolute fecundity found in fish of comparable size was responsible for the poor fit between F and TL, which explained only 46% of total variance.
Growth rate and recruitment
Monthly length frequency distribution of fish samples is summarized in Figure 5 . Roughly, two main cohorts of different size occurred from April to July. Afterwards, the larger/older cohort totally disappeared, and the single smaller surviving cohort grew up from August until the next spring-summer season. The peak of recruitment of B. affinis to the demersal adult population took place in June consisting of juveniles from 12 to 15 mm TL, in good agreement with previous data on reproductive cycle (see above). Following the modal progression of the length-frequency distribution of a single cohort (Fig. 6) , we estimated the Von Bertalanffy growth parameters reported below:
where L ∞ is the asymptotic length, k is the instantaneous growth rate and Φ' the growth performance index. Furthermore, based on the length frequency distribution pattern observed throughout the year and the seasonal growth bands on sagittal otoliths, it could be hypothesized that B. affinis is an annual species. On all checked sagittal otoliths the annulation pattern consisted of an opaque nucleus followed by a single wide translucent band and a single narrow opaque band close to the margin (Fig. 7) , providing circumstantial evidence of the absence of fish older than one year in the population sampled.
DISCUSSION
The present study provides the first data on the reproduction and growth of Buenia affinis. This is one of the few very small benthic gobies (TL<5 cm) of the northeastern Atlantic and Mediterranean Seas whose life history is known (Miller, 1986; Rogers, 1989; Fouda et al., 1993; Pampoulie and Bouchereau, 1996; Bouchereau and Guelorget, 1998; Pampoulie et al., 2000; Mazzoldi and Rasotto, 2001; Bouchereau, 2002) . It could be expected that body miniaturization in these fishes results in adaptive changes of life strategies in comparison with their relatives of larger size (Miller, 1979) . B. affinis is an epibenthic species living on sandy bottoms, where the high risk of predation probably influences its life history traits. Numerous SCUBA dives in the Kvarner area confirmed that this species was present all year around only on the infralittoral clear coarse to medium sands, so migration of older and large-sized specimens elsewhere can be excluded (Kovačić, 2002) . Therefore, the present study indicates that B. affinis is an annual species, with an early maturation and a protracted spawning season from February to July. Body growth is high in the first summer and autumn (Figs 5 and 6), followed by a steady gonad development in winter until spawning (Fig. 2) . The presence of two main groups of oocytes in ripe ovaries indicates that each female could spawn more than once during the life cycle. This type of reproduction, known as abbreviate iteroparity and characterized by a long reproductive season with several spawning events by each individual in a short lifespan, is common in several species of small gobiids such as Pomatoschistus (Miller, 1961; Bouchereau et al., 1989; Fouda et al., 1993) , Knipowitschia and Economidichtys (Daoulas et al., 1993) and Aphia (Caputo et al., 2000) . The absence of the specimens in the spent stage (V) in the sample and the disappearance of the older cohort after the spawning season could be due to high mortality of the post-spawning individuals. The reduction of liver mass during the spawning season could reflect the spending of stored energy for the high-energy-demanding process of late gonad development. The highest value of HSI of both sexes at the beginning of the spawning season and its further decrease was also observed in another small goby inhabiting the same area, Gobius vittatus Vinciguerra, 1883 (Kovačić, 2007) .
The life history strategy of B. affinis can be compared with that of other epibenthic small gobies sharing the same habitat, such as Pomatoschistus microps (Krøyer, 1838), P. marmoratus (Risso, 1810), P. norvegicus (Collett, 1903) and P. pictus (Malm, 1865) (Gibson and Ezzi, 1981; Collins, 1982; Bouchereau and Guelorget, 1998; Mazzoldi and Rasotto, 2001 ). The life history traits of P. pictus and P. marmoratus closely resemble those of B. affinis. They are all annual species with a common life cycle, consisting initially of a high body growth rate during the first summer and autumn after hatching. This is followed by a steady gonad development in winter, with an early maturation and a protracted spawning season from spring to early summer and, after a single spawning season in the lifetime, a high mortality of post-spawning specimens (Collins, 1982; Mazzoldi and Rasotto, 2001) . However, in P. pictus, a few specimens in the population survived after spawning and reached two years of age (females 20-24 months, males 25-29 months) (Collins, 1982) . The first recruitment of juveniles P. pictus and P. marmoratus to the adult population was recorded in July, while the first juveniles of B. affinis recruited already in April. In P. marmoratus, a second spawning peak was observed in August-September, consisting of a few very small breeders of both sexes (Mazzoldi and Rasotto, 2001) . It was assumed that such individuals hatched in the first spawning peak, contrary to most of the population, which reach sexual maturity in the same summer and give rise to the following AugustSeptember spawning peak. The life-history strategy of P. microps differs between the Mediterranean and the northeastern Atlantic populations (Bouchereau and Guelorget, 1998) . While the life-history traits of the population from the Mauguio lagoon (Mediterranean) are similar to those of B. affinis, P. pictus and P. marmoratus, the Atlantic population exhibits larger size (64 mm), longer lifespan (two years), and a second spawning event during the lifetime at an age of 20-24 months. On the other hand, the P. microps population from the Mauguio lagoon attains sexual maturity and spawns before the first winter as P. marmoratus, at about 4-5 months of age (Bouchereau and Guelorget, 1998) . Compared with the aforementioned small epibenthic species, P. norvegicus lives longer, and a significant part of the population breed in the second season and die at the beginning of the third year on the west coast of Scotland (Gibson and Ezzi, 1981) . Hence, it seems that the lower temperature at higher latitudes or greater depths positively affects longevity of very small epibenthic gobies.
In the pelagic habitat, the risk for survival due to predation is potentially even greater than in the open bottom conditions (Miller, 1996) . Consequently, the pelagic northeastern Atlantic and Mediterranean gobies, such as Aphia minuta (Risso, 1810) and Crystallogobius linearis (von Düben, 1845) , share with the very small epibenthic species the same life history strategies: short (annual) lifespan, rapid maturation, high reproductive effort and energetic investment for reproduction, and long spawning season (Caputo et al., 2003; La Mesa et al., 2005) . In pelagic gobiids, adaptation to pelagic life has been achieved by progenesis, a type of heterochrony where ontogeny is truncated by accelerated gonad maturation. Similarly, most of paedomorphic gobiids exhibit a sudden death of breeders soon after spawning (La Mesa, 2010) .
In conclusion, despite the enormous adaptive radiation of gobiids in terms of both fish size and life styles, a common evolutionary trend towards a "simplification" of life history seems to characterize gobiids sharing body miniaturization but inhabiting the very different epibenthic and pelagic habitats. 
